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OBJECTIVE: To evaluate the results of monocular surgery under peribulbar anesthesia for large-angle horizontal strabismus.
INTRODUCTION: Monocular surgery may preserve some muscles if a repeat operation is required, may help to avoid the exposure 
of the dominant eye to the inherent risks of a surgical procedure and may reduce surgical time. 
METHODS: We evaluated ninety-two consecutive patients who underwent monocular surgery under peribulbar anesthesia for 
large-angle horizontal strabismus (angle of 40 prism diopters or greater). Patients were divided into group 1- esotropia and group 
2 –exotropia. The postoperative follow-up was at 6 months, when the residual deviation was evaluated. In cases of residual devia-
tions of over 15 PD (prism diopter), a second procedure was indicated. 
RESULTS: In all patients with preoperative deviations up to 60 PD, residual deviations were under 15 PD. Some patients with 
preoperative deviations of 65 PD (two in group 1 and four in group 2) and all patients with deviations over 65 PD had residual 
deviations over 15 PD. The 13 patients who underwent a second procedure experienced successful outcomes. Our ROC curve 
analysis showed that the cutoff point for obtaining a successful surgical result was 62.5 PD. No patient presented with a major 
limitation in respect of ocular movement. 
CONCLUSIONS: Monocular surgery under peribulbar anesthesia can be an alternative for horizontal large-angle strabismus given 
deviations of up to 60 PD. Monocular surgery did not result in successful outcomes for deviations of over 65 PD. 
KEYWORDS: Local Anesthesia; Strabismus/surgery; Ophthalmology; Surgical procedures; Operative; Ocular motility disor-
ders.
INTRODUCTION
Binocular surgery is the most commonly used approach 
for surgical treatment of large-angle horizontal strabismus 
involving three or four horizontal rectus muscles. This 
procedure is widely used because it avoids significant 
limitations of ocular movement, which could occur in 
surgeries of greater magnitude.1-5 However, monocular 
surgery has many advantages, such as preserving some 
muscles if a repeat operation is required, avoiding the 
exposure of the dominant eye to the inherent risks of a 
surgical procedure and reducing surgical time.6-10 
Furthermore, a monocular procedure can be performed 
in adults under peribulbar anesthesia, which is associated 
with decreased morbidity and mortality when compared 
with general anesthesia, and also offers swifter recovery and 
lower incidence rates of nausea and vomiting.11-19 
The aim of this study was to evaluate the results of 
monocular surgery under peribulbar anesthesia for large-
angle horizontal strabismus.
METHODS
Subjects
We evaluated the medical records of 92 consecutive patients 
who underwent monocular surgery under peribulbar anesthesia 
after January 2004 at the Department of Ophthalmology, 
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University of Campinas (Campinas, SP, Brazil).
The inclusion criteria were:
-  Large-angle strabismus: defined, in this study, as an angle 
of deviation of 40 prism diopters (PD) or greater;
-  Primary strabismus, excluding all cases of paretic, re-
strictive or consecutive strabismus. Patients who had 
previously been administered botulinum toxin A to treat 
strabismus were also excluded. 
-  Horizontal strabismus (esotropia or exotropia), excluding 
any cases with associated vertical deviation.
-  Follow-up data lasting at least 6 months. 
Procedures
1) Complete ophthalmologic examination (best-corrected 
visual acuity measurement, biomicroscopy, tonometry and 
indirect ophthalmoscopy). 
2) Measurement of angle of deviation
The angle of strabismus was measured in prism diopters 
(PD), with the best optic correction, in all positions, for both 
distance and near vision. For patients with good bilateral 
visual acuity, this parameter was measured by the prism and 
cover test using a suitable fixation target. Patients with poor 
vision or profound amblyopia were submitted to Krinsky 
measurement, based on the corneal reflex. 20-22
After evaluation of strabismus, the subjects were divided 
into group 1 (patients with esotropia) and group 2 (patients 
with exotropia).
3) Surgical planning and surgery
The surgeries consisted of recession and resection and 
are described in Table 1 (group 1) and Table 2 (group 2). All 
patients underwent monocular surgeries in the nondominant 
eye. 
A successful result was defined by a postoperative angle 
of 15 PD or less. 
4) Anesthesia
Peribulbar anesthesia was performed by the ocular 
surgeon, and all patients received 5 mg of diazepam orally, 
thirty minutes before anesthesia. An intravenous line, oxygen 
nasal cannula, cardiac monitoring and continuous pulse 
oximetry were employed. The local anesthetic consisted of 
0.5% bupivacaine without epinephrine and 2% lidocaine 
with epinephrine. 
5) Follow-up
Patients were examined at least on the first, seventh 
and thirtieth days and three and six months after surgery. 
Measurements of angles of deviation were recorded during 
all visits, but the data considered in this study were from the 
sixth postoperative month only. 
6) Second surgical procedure
In cases of residual deviations of over 15 PD in the 
sixth month, a second procedure in the dominant eye was 
indicated, and the follow-up continued until at least six 
months after the second surgery. All patients accepted the 
Table 1 - Characteristics of group 1 (esotropia)
Preoperative deviation 
(PD)
Nº Age * 
(years)
Surgical procedure Postoperative Deviation * 
(PD)
40 7 27.14 ±  14.03 RC 5mm MR + RS 7mm LR 7.71 ± 3.73
45 9 24.11 ±  6.95 RC 6mm MR + RS 7mm LR 5.11 ± 3.14
50 5 28 ±  8.72 RC 6mm MR + RS 8mm LR 6 ±  3.74
55 1 21 RC 6mm MR + RS 8mm LR 5
60 4 21.75 ±  5.38 RC 6mm MR + RS 9mm LR 8,5 ± 1,91
65 3 22.67 ±  1.53 RC 6mm MR + RS 9mm LR 18.33 ± 2.89
70 5 23.8 ±   10.26 RC 6mm MR + RS 9mm LR 28  ±   6,71
75 3 29.67 ± 14.36 RC 6mm MR + RS 9mm LR 28.33  ±  5.77
80 3 36.33 ±  17.93 RC 6mm MR + RS 9mm LR 35  ±   0
80 1 34 RC 6mm MR + RS 9mm LR 30
90 1 19 RC 7mm MR + RS 9mm LR 35
95 1 22 RC 8mm MR + RS 9mm LR 35
100 1 31 RC 8mm MR + RS 9mm LR 55
59.2  ± 16.63 * 44 26.04  ±  9.85* 16.11 ± 13.29*
* Mean ± standard deviation; Nº: number of patients; PD: prism diopter; RC: recession; RS: resection; MR: medial rectus; LR: lateral rectus; mm: mil-
limeter
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conditions when informed about the surgery and possible 
need for a second surgery.
Data analysis
The data were analyzed using the Mann-Whitney test for 
comparison of age and preoperative and postoperative angles 
of deviation between the groups; repeated-measures ANOVA 
(analysis of variance) for preoperative and postoperative 
comparisons; and ANCOVA’s (analysis of covariance) to 
adjust for covariates of age and type of deviation (esotropia or 
exotropia). The ROC curve (receiver operating characteristic) 
was used to define the cutoff point of preoperative angle of 
deviation for a successful outcome. A P value of <0.05 was 
considered statistically significant. The statistical analysis was 
performed using the SAS System for Windows (Statistical 
Analysis System), version 8.01, 1999-2000.
This study was approved by the Research Ethics 
Committee of the Faculty of Medical Sciences - University 
of Campinas, Campinas/SP, Brazil. 
RESULTS
Forty-four patients had esotropia (group 1) and forty-
eight had exotropia (group 2). The patients’ ages, as well as 
other data, such as preoperative angles of deviation, surgical 
procedures and postoperative deviations are shown in Tables 
1 (patients with esotropia) and 2 (patients with exotropia). 
All patients with preoperative deviation of up to 60 PD 
in both groups underwent successful surgeries (postoperative 
deviation of 15 PD or less in the sixth postoperative month). 
In patients with 65 PD preoperative deviations, one of three 
Table 2 - Characteristics of group 2 (exotropia) 
Preoperative Deviation (PD) Nº Age * (years) Surgical procedure Postoperative Deviation *(PD)
40 9 31.44 ± 10.92 RC 7mm LR + RS 7mm MR 6.22 ± 1.85
45 6 29.67 ± 7.97 RC 7mm LR + RS 7mm MR 8.67 ± 1.63 
50 8 34 ± 8.75 RC 8mm LR + RS 7mm MR 6.37 ± 4.40 
55 2 51 ± 9.89 RC 8mm LR + RS 8mm MR 10 ± 0 
60 10 28 ± 8.94 RC 8mm LR + RS 8mm MR  9.9 ± 5.52
65 3 49.67 ±12.22 RC 8mm LR + RS 8mm MR 26.67 ± 2.89
65 6 29.17 ± 7.14 RC 9mm LR + RS 8mm MR 11.67 ± 4.08 
70 1 36 RC 9mm LR + RS 8mm MR 25
75 1 44 RC 9mm LR + RS 8mm MR 20
80 2 35 ± 8. 48 RC 9mm LR + RS 8mm MR 30 ± 0 
54.79 ± 11.15* 48 32.54 ± 9.93* 11.10 ± 7.59*
* Mean ± standard deviation, Nº: number of patients, PD: prism diopter, RC: recession, RS: resection, MR: medial rectus, LR: lateral rectus, mm: mil-
limeter
Table 3 - Group 1 patients (esotropia) who underwent a second procedure
Patient Nº Age (years) Deviation after first procedure 
(prism diopter)
Second surgical procedure Deviation after second 
procedure (prism diopter)
1 18 25 RC 4 mm MR + RS 5mm LR 6
2 20 35 RC 5 mm MR + RS 6mm LR 10
3 21 35 RC 5 mm MR + RS 7mm LR 10
4 42 20 RC 6 mm MR 2
5 24 35 RC 5 mm MR + RS 7mm LR 8
6 25 35 RC 5 mm MR + RS 7mm LR 5
7 57 35 RC 5 mm MR + RS 7mm LR 6
8 27 35 RC 5 mm MR + RS 7mm LR 0
9 31 55 RC 6 mm MR + RS 9mm LR 10
Mean 29.44 34.44 6.33
RC: recession, RS: resection, MR: medial rectus, LR: lateral rectus, mm: millimeter.
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patients in group 1 and five of nine patients in group 2 
underwent successful surgeries. All patients with deviations 
over 65 PD presented with a residual deviation of over 15 
PD, which ranged from 20 to 55 PD in group 1, and from 20 
to 30 PD in group 2. 
A total of 25 patients exhibited residual deviations of over 
15 PD, but only thirteen (52%) elected to undergo a second 
procedure, which turned out to be successful in all cases. 
The angle of deviation after the first surgical procedure, the 
second surgical procedure and the postoperative deviation 
six months after surgery are shown in Tables 3 (patients with 
esotropia) and 4 (patients with exotropia). 
No patient presented with severe limitations in respect of 
ocular movement. However, all patients who underwent the 8 
mm recession of medial rectus in group 1 experienced some 
degree of limitation in ocular movement. In group 2, 6 of 
the 10 patients submitted to 9 mm recession of lateral rectus 
presented with some degree of limited ocular movement. 
There were no complications from surgery or anesthesia 
in either group.
Based on the Mann-Whitney test, there was a statistically 
significant difference in age (group 1 was younger, p=0.026), 
but no difference in the preoperative angle of deviation 
(p=0.0512), the magnitude of surgical correction (p=0.6602) 
and the postoperative results (p=0.320). The preoperative 
deviations were significantly greater than the postoperative 
in both groups (ANOVA, p<0.0001). With ANCOVA, our 
analyses were adjusted for the variables of age and type 
of strabismus (esotropia or exotropia), and there were no 
statistically significant differences (p= 0.217).
The Spearman’s rank correlation coefficient showed 
no correlation between age and postoperative deviation 
(r = - 0.13360, p = 0.3047). There was a moderate correlation 
between preoperative and postoperative deviations (r = 
0.43703, p = 0.0004).
The ROC analysis (Figure 1) showed that the cutoff point 
of the preoperative angle for obtaining a successful surgery 
result was 62.5 PD. The sensitivity and specificity using this 
cutoff point, the estimated area under ROC curve and the 
95% confidence interval are shown in Figure 1.
DISCUSSION
Most studies of surgical procedures in large-angle 
horizontal strabismus were conducted in congenital 
esotropia. Several authors reported high rates of success, 
from 70 to 91%, in large-angle congenital esotropia with 
large medial rectus recessions, and no significant adduction 
limitations.23-31 More recently, Vroman et al. and Prieto-
Diaz and Souza-Dias also suggested that bilateral medial 
rectus recession was the preferred treatment for large-angle 
congenital esotropia.30,31 Other studies, however, suggest 
that interventions involving three or four muscles are more 
effective and avoid convergence injuries.3-5
Several studies of large-angle exotropia have reported 
success rates ranging from 72% to 80% in bilateral 
lateral rectus recessions, without significant abduction 
limitations.6-10 Berland et al. reported a success rate of 80% 
with a 8 to 9 mm bilateral lateral rectus recession, but with 
Table 4 - Group 2 patients (exotropia) who underwent a second procedure 
Patient Nº Age (years) Deviation after first procedure 
(prism diopter)
Second surgical procedure Deviation after second 
procedure (prism diopter)
1 30 25 RT RL 5mm RS RM 5mm 4
2 54 30 RT RL 7mm RS RM 6mm 0
3 38 25 RT RL 5mm RS RM 5mm -4
4 36 25 RT RL 4mm RS RM 5mm 5
Mean 39.5 26 1.25
RC: recession, RS: resection, MR: medial rectus, LR: lateral rectus, mm: millimeter.
Area under ROC curve =0.891; 95% CI= 0.812 to 0.970; p<0.001
Sensitivity=78.8%; Specificity=82.1%; Accuracy=80.3%; n=92
Optimal cutoff point selected ≤ 62.5
Figure 1 - ROC Curve
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abduction limitations in 30% of the 24 patients studied.6 
Bracamontes et al. supported bilateral surgery in large-angle 
exotropias in patients with low vision in one or both eyes, 
because the relapse rate is higher with monocular surgery.32 
However, Currie et al. suggested that interventions involving 
three or four muscles in large-angle exotropias are more 
effective than surgery involving only two muscles.2
The ROC analysis was used to define the cutoff point of 
the preoperative deviation, in order to achieve a successful 
result (≤ 62.5 PD) corresponding to the area under the curve 
with a 95% confidence interval. We identified no differences 
between groups 1 and 2 because the ANCOVA test did 
not show any influence of the type of strabismus on the 
postoperative result. There have been no other studies to date 
that have estimated a cutoff point in terms of the preoperative 
deviation needed to achieve a successful outcome in 
monocular surgery for large-angle strabismus.
Our results show that, after the second procedure, 
the residual deviations achieved results of 10 PD or less, 
suggesting that strabismus with a preoperative angle of 
deviation of 65 PD or greater (Tables 3 and 4) exhibited the 
best outcomes following binocular approaches.
Ocular movement may be limited in major recessions and 
in patients with good bilateral visual acuity; these limitations 
may cause damage in terms of the convergence amplitude. 
Most authors recommend not exceeding 7 mm medial rectus 
recession and 8 mm lateral rectus recession to avoid ocular 
movement limitations. In this study, only 8 mm medial 
rectus recession in group 1 and 9 mm lateral rectus recession 
in group 2 were associated with some degree of limitation. 
These results confirm the conclusions from other studies, all 
of which recommend avoiding large recessions.29, 31 
The effects of peribulbar anesthesia in terms of surgical 
results have been previously reported by our group. Our 
published studies compared the postoperative results of 
strabismus surgery performed under peribulbar and general 
anesthesia and confirmed that the type of anesthesia used 
did not impact the surgical results.33,34 The disadvantages 
of this type of anesthesia include reduced globe mobility, 
which causes problems in analyzing passive stiffness. 
Ocular complications of peribulbar anesthesia include globe 
perforation, retrobulbar hemorrhage, ptosis, optic nerve 
injury and central retinal artery occlusion35,36 However, 
these complications are rare and occurred only in 0.006% of 
16,224 consecutive peribulbar block cases in a multicenter 
study.36 
CONCLUSIONS
Monocular surgery under peribulbar anesthesia can be a 
viable alternative for large-angle horizontal strabismus for 
patients who present deviations of up to 60 PD. Monocular 
surgery did not result in acceptable outcomes for deviations 
of over 65 PD. 
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